The evaluation of the most appropriate performance measures in the manufacturing sector is one of the strategic issues that may affect the flexible manufacturing system (FMS). In this paper, five areas of performance measures, i.e., measures related to finance, measures related to customers, measures related to innovation and knowledge, measures related to internal business and miscellaneous measures with their sub-measures are considered. The purpose of this paper is to provide a framework to proactively manage performance measures. For this purpose, a comparative study of multi criteria decision making approaches, simple additive weighting (SAW) and weighted product method (WPM) are integrated with analytic hierarchy process (AHP) in order to get the best solution. AHP is used to determine the weights of the measures which are used in SAW and WPM approaches, for prioritising the performance measures so that management could take the decision regarding improvement. Here, fuzzy logic is used to change the qualitative measures into the quantitative measures.
products are produced to gratify the demand raised by the specific customers (Verma et al., 2011) .
The introduction of FMS facilitates manufacturing industries to improve their performance along with the flexibility to make the customised product with medium volume. Primrose and Verter (1996) has proposed that FMS results in introduction of new products. Performance of a particular manufacturing system would be more if it is capable of handling more number of new and unexpected products at lower costs while maintaining a short lead time. FMSs emerged as a powerful one due to its wide flexibility, which is essential to stay competitive in this highly dynamic environment (Reddy and Rao, 2011) . FMS is an integrated, computer controlled complex arrangement of automated material handling devices and numerically controlled (NC) machine tools that can simultaneously process medium sized volumes of a variety of part types (Stecke, 1983) . FMSs possess some potential advantages, such as quicker response, reduction of work-in-process inventory and a high level of productivity (Liu and Maccarthy, 1996; Shi-jin et al., 2007) . FMSs can be utilised to deal with dynamic and uncertain production conditions (Singholi et al., 2012) . Foster and Horngren (1988) found that FMS is associated with performance measures focused on time, quality, operating efficiency and flexibility. In recent studies pertaining to the FMS, researchers have been very keen to improve the performance of FMS (Wadhwa et al., 2005; Chan, 2003) . Singholi et al. (2012 Singholi et al. ( , 2013 discussed the effects of manufacturing flexibilities on the performance of an FMS. They used the Taguchi experimental design methodology for evaluation of varying levels of machine and routing flexibility on the performance of FMS. The objective of this research paper is to develop a framework for evaluating the performance of FMS. Due to complexity in the relations between various performance measures of a manufacturing system, it is very difficult to assess them. An appropriate methodology should be used to handle such a situation. This paper aims at the performance enhancement of manufacturing system in Indian industry. Evaluation of performance is analysed by simple additive weighting (SAW) and weighted product method (WPM). The performance measure's weights are calculated by using the analytic hierarchy process (AHP). This paper presents a study performed for performance measures of an existing system with the objective to improve the performance by designing a new FMS. The main research objectives of this paper are:
• to identify the performance measures and sub-measures which are associated with the performance of FMS
• to understand the relationship among these measures and sub-measures using AHP
• to evaluate the performance by using SAW and WPM
• to discuss managerial implication of this research.
In the remainder of this paper, literature review along with identification of performance measures and sub-measures are discussed in Section 2. A brief overview of AHP, SAW and WPM methodology along with application steps and prioritisation with SAW and WPM methods is performed in Section 3. Result and discussion are given in Section 4. The conclusion is followed in Section 5.
Literature review
In today's highly competitive business environment, survival and growth of manufacturers depend on their ability to offer a great variety of high quality products at an acceptable price using minimum lead time . Present scenario of highly volatile market, which is influenced by global competition and changing customer's demands, has made the manufacturing companies to look for new manufacturing systems which can fulfil their requirements for global competition (Sindhwani and Malhotra, 2016) . Globalisation has given thrust on the engineers and managers of manufacturing organisations to manufacture their products, with high quality at a lower cost (Kaur et al., 2015) . Cost reduction without compromising on quality has become the motto of every manufacturing organisation, to survive in the global market (Sundharam et al., 2013) . Because of the globalisation of markets, technological advances and the changing needs and demands of consumers have forced the nature of competitive paradigms to change continuously (Singh et al., 2010) . In order to survive in such a dynamic environment and to improve their competitiveness in term of quality, cost and service, they are required to adopt such type of manufacturing system with the help of which flexibility and productivity can be achieved simultaneously (Kumar and Raj, 2014) . The FMS is one of the options to enable the companies to compete in global environment. So more and more companies are now opting for low volume, high variety FMS instead of the conventional mass production (Dixit and Raj, 2016) . FMSs emerged as a powerful one due to its wide flexibility, which is essential to stay competitive in this highly dynamic environment (Reddy and Rao, 2011) . A lot of efforts have been employed by the researchers to find some robust schedule that can give optimum performance measures of FMS, without much affected by the uncertainties prevailing in the system (Verma et al., 2011) . According to Karande and Chakraborty (2013) , selection of an FMS is a complicated task as it involves huge capital investment. Decisions regarding these investments become crucial for the survival of any manufacturing industry, due to tough competition in the globalised market. A review of literature in the area of FMSs and performance measures brings out the following gaps in the literature:
• The most important gap in the literature is the adaptation and implementation of FMSs in developing countries where labour is very cheap and easily available.
• Due to lack of universal acceptance of one definition, flexibility and its measurement has not been defined clearly in the literature. Flexibilities pertaining to different machines and jobs play a crucial role in evaluating the performance measures of the FMS.
• There is a lack of precise analytical models that are capable of generating clear relationships between the degree of flexibility in a system and the systems level of performance.
Identification of performance measures and sub-measures
Performance of a particular manufacturing system would be more if it is capable of handling more number of new and unexpected products at lower costs while maintaining a short lead time. There are various factors which could affect the performance of the FMS; therefore, it is very much necessary to foresee the problems associated with it.
Hence, it becomes essential to study and analyse these factors inhibiting the performance of the FMS. Through the literature review and interactions with practicing managers and academicians, most critical performance measures which could affect the performance of a FMS have been identified with the help of survey questionnaire. A survey of 103 members selected randomly from different functional areas of the manufacturing industry was conducted. The purpose of the survey was to identify the measures and sub-measures. The result of this survey is shown in Figure 1 , where the mean value of each factor is determined by multiplying the percentages of members with the values of 1, 2, 3, 4 and 5 which are associated with 'least important', 'important', 'important and necessary', 'highly important', 'most important' respectively and adding the resulting product. The criteria are then arranged in descending order of their mean value. As the number of these factors is large (25 in the present case), so these performance measures (factors) have been grouped into five major categories as shown in Table 1 :
• measures related to finance
• measures related to customers
• measures related to internal business
• measures related to innovation and knowledge
• miscellaneous measures. Heskett et al. (1994) , Gothwal and Raj (2016) and Anderson et al. (1997) After delivery services Heskett et al. (1994) , Gothwal and Raj (2016) and Keane and Wang (1995) Maintenance cost Rao and Padmanabhan (2006) , Raj et al. (2008) , Gothwal and Raj (2016) and Nagar and Raj (2012) Cost of product
Groover (2001), Hottenstein and Casey (1997) , Gothwal and Raj (2016) and Rosnah et al. (2003) 
Measures related to internal business:
Reduction in WPM and queues Nagar and Raj (2012) , Gothwal and Raj (2016) Gothwal and Raj (2016) Product innovation Primrose and Verter (1996) and Gothwal and Raj (2016) Process innovation Gothwal and Raj (2016) Accurate data and information system Masters (1996) , Gothwal and Raj (2016) and Rad (2005) Miscellaneous measures: Processing time Mosconi and McNair (1987) , Gothwal and Raj (2016) and Johnson (1988) Motivational schemes Grover et al. (2004) , Theodorou and Florou (2008) , Gothwal and Raj (2016) and Cardy and Krzystofiak (1991) Routing flexibility De Meyer et al. (1989) , Gothwal and Raj (2016) and Nagar and Raj (2012) Multi-functional team Maffei and Meredith (1994) , Rao and Deshmukh (1994) , Gothwal and Raj (2016) and Nagar and Raj (2012) Number of parts produced Bayazit (2005) and Gothwal and Raj (2016) Lead time Groover (2001) , Nagar and Raj (2012) , Gothwal and Raj (2016) and Zhang et al. (2002) 3 Methodology
Multi-criteria decision making (MCDM) analysis is an optimisation technique which is applied to identify the most preferred alternative under multiple criteria. In the literature, a number of MCDM approaches are available such as graph theoretic approach (GTA), data envelopment analysis (DEA), compromise ranking method (VIKOR), AHP, analytic network process (ANP), MOORA, SAW, WPM etc. for order preferences. Two decision making approaches, which are SAW and WPM, are integrated with AHP in order to get the best solution. The aim of using AHP is to give the weights to the performance measures and these weights are used in SAW and WPM method for prioritising the performance measures in FMS. Fuzzy logic is used to change the qualitative measures into the quantitative measures. Rao (2007) has consolidated the information on fuzzy MCDM. Bellman and Zadeh (1970) were the first to relate fuzzy set theory to decisionmaking problems. Chen and Hwang (1992) proposed first conversion of linguistic terms into fuzzy numbers and then the fuzzy numbers into crisp scores. An 11-point scale is used in the paper is shown in Figure 2 and crisp score is shown in Table 2 . 
Analytic hierarchy process
AHP is an effective tool for dealing with complex decision making, may aid the decision maker to set priorities and make the best decision. AHP was first introduced by Saaty (1980) and has been applied in different fields of decision making. The simplicity and power of the AHP has led to its wide spread use across multiple domains in every part of the world. Its popularity has been increased in recent years in manufacturing and industrial applications. A number of papers have been published related to mathematical aspects and applications of AHP to various situations (Saaty and Vargas, 1984; Saaty, 1986; Datta et al., 1992) . AHP technique used in different decision-making process related to production (Bozdag et al., 2003; Buyukozkan et al., 2004) , performance (Eraslan and Dagdeviren, 2010) , location selection (Gothwal and Saha, 2015; Badri, 1999; Kuo et al., 2002) , flexibility (Jain and Raj, 2013) , humanised FMSs (Nagar and Raj, 2012) , advanced manufacturing system (Raj et al., 2008; Xiaohua and Zhenmin, 2002) , and investment (Suresh and Kaparthi, 1992) . AHP has been demonstrated as a powerful and useful method for assisting managers with complicated and difficult decisions. Analytic hierarchical process helps for evaluating various criteria to determine the best among the factors (Sundharam et al., 2013) . In addition, the AHP incorporates a useful technique for checking the consistency of the decision maker's evaluations, thus reducing the bias in the decision making process. AHP is one of the MCDM approaches that decomposes a complex problem into a hierarchical order (Abdi and Labib, 2003) . A hierarchy is an efficient way to organise a complex system, as it is efficient structurally when representing the system and when controlling and passing information down the system (Eraslan and Dagdeviren, 2010) . The AHP is a theory of measurement through pairwise comparisons and relies on the judgements of experts to derive priority scales (Saaty, 2008) . The degree of consistency of the judgments is computed in the AHP analysis (Wabalickis, 1987) . The hierarchy is shown in Figure 3 . 
SAW method
SAW which is also known as weighted linear combination or scoring methods is a simple and most often used multi attribute decision technique (Afshari et al., 2010) . SAW method is probably the best known and most widely used MADM method (Anupama et al., 2015) . Adriyendi (2015) stated that the basic logic of the SAW method is to obtain a weighted sum of performance ratings of each alternative over all attributes. Churchman and Ackoff (1954) were the first one to use the SAW method for portfolio selection problem. Ray et al. (2015) used SAW approach to determine the best location in their research. Zavadskas et al. (2010) used this approach for selecting the contractor for construction work. Afshari et al. (2010) used this approach to the personnel selection problem. Chou et al. (2008) used this approach for facility location selection with objective/subjective attributes. The procedure to find the overall score of the alternative by SAW method is described below (Rao, 2007) :
Step 1: The first step is to determine the objective, and to identify the pertinent evaluation performance measures. All measure and sub-measures are beneficial measures, i.e. higher values are desired.
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Step 2: The weights are calculated by using the AHP. The steps are explained below:
• Construct a pair wise comparison matrix using a scale of relative importance. The judgments are entered using the fundamental scale of the AHP (Saaty, 1980 (Saaty, , 2000 . A measure compared with it is always assigned the value 1, so the main diagonal entries of the pair wise comparison matrix are all 1. The numbers 3, 5, 7, and 9 correspond to the verbal judgments 'moderate importance ',' strong importance ',' very strong importance 'and' absolute importance' (with 2, 4, 6, and 8 for compromise between these values).
• Determine the maximum Eigen value λ max , consistency index CI = (λ max -M) / (M -1). The smaller the value of CI, the smaller is the difference from the consistency.
• Obtain the random index (RI) for the number of measures used in decision making. The value of RI varies depending upon the order of matrix. Table 3 shows the value of the random consistency index (RI) for matrices of order 1 to 10 obtained by approximating random indices using a sample size of 500 (Saaty, 2000) . • Global weights are used to determine the normalised weights of the sub-measures. It is determined by multiplying the priority vectors of each measure with the priority vectors of the sub-measures that comes under the corresponding measure. Sub-measures with their global weights are shown in Table 4 . Table 2 . Chen and Hwang (1992) proposed first conversion of linguistic terms into fuzzy numbers and then the fuzzy numbers into crisp scores. An 11-point scale is used in the paper is shown in Figure 2 and crisp score is shown in Table 2 . 4 Step 4: Evaluate each measure P i , by the following formula
where w j represents the global weights of sub-measures, m ij represents the crisp value assigned to the sub-measures according to their importance within the corresponding measure and P i is the overall or composite score of the measures. The measures with the highest value are considered as the first preference.
Weighted product method
Atmojo (2014) stated that this method is more efficient than other methods in problem solving of MCDM. The reason is because of the time needed in the calculation. This method stood by simple calculation and easy to apply in cases having high subjectivity elements, effective to optimise decision problems. According to Anupama et al. (2015) , WPM is another scoring method where the weighted product of the criterion is used to select the best alternative. This method is similar to SAW. The main difference is that, instead of the addition in the model, there is multiplication (Miller and Starr, 1969) . The overall or composite performance score of measures is determined as ( )
The crisp values are computed as explained under the SAW method step 3. Each value of measure with respect to sub-measures, i.e., m ij is raised to the power of the relative global weight of the corresponding sub-measure. The measure with the highest P i value is considered as the first preference. All the sub-measures with their fuzzy crisp value, global weights and overall or composite score (P i 's) as obtained by SAW and WPM are shown in Table 5 . 
Result and discussion
The performance of FMS is affected by various performance measures. The present work is considered highly significant for industries in evaluating the performance because in today's world of cut throat competition, it is highly recommended to perform notably for the survival of an industry. A comparative study of MCDM approaches like SAW and WPM integrated with AHP for prioritisation of performance measures in FMS with qualitative data has been discussed. AHP is used to determine the weights of the measures which are used in SAW and WPM approaches, for prioritising the performance measures so that management could take the decision regarding improvement. Here, fuzzy logic is used to change the qualitative measures into the quantitative measures. The methodologies discussed here are useful for continuous improvement (Kaizen) as well as for breakthrough improvement. First of all, qualitative measures are converted to their corresponding fuzzy number, and then converted to the crisp values. After that, with the help of AHP methodology global weights of different sub-measures with respect to the objective are determined, then SAW and WPM are used. Here, the measures affecting the performance of a FMS are grouped into five categories namely 'finance', 'customers', 'internal business', 'innovation and knowledge' and 'miscellaneous'. SAW and WPM methodologies reveal that the miscellaneous measure has highest overall or composite score. Therefore, it is the most influencing measure affecting the FMS performance. The methodologies presented in this paper can be used as an aid to develop a suitable strategy for the improvement of performance of FMSs based on the effectiveness of different categories of measures. This would help production managers infer the improvements needed in their manufacturing systems if they want to improve the performance in view of changing market conditions. The measures with their scores and prioritisation obtained with SAW and WPM are shown in Table 6 . 
Conclusions and future work
• Unique contribution: The performance of FMS is affected by various performance measures. Therefore, it is necessary to quantify the effect of these measures on performance and know the exact nature of these measures. The present work helps to achieve these objectives significantly. Various factors inhibiting the performance of the FMS have been identified and analysed.
• Theoretical and managerial implications: The methodologies discussed here can be used as an aid to develop a suitable strategy for the improvement of performance of FMSs based on the effectiveness of different categories of measures. The procedure also helps to compare different industries in terms of their performance. The findings of this study have important managerial significance. The management can obtain better insight and guidelines for determining various decisions relating to process and operations improvement to improve the performance of the system. This is an effective tool for evaluation, comparison and ranking of FMS performance. This would help production managers infer the improvements needed in their manufacturing systems if they want to improve the performance in view of changing market conditions.
• Limitation: FMS performance is expressed in terms of overall or composite score. This value depends on inheritance of main measures which further depends on their sub-measures. Therefore, suitable combination of measures and their sub-measures should be selected for evaluating the FMS performance.
• Future research directions: In the future, we propose to continue this research approach in designing other evaluation instruments which can identify performance measures specific to a particular type of domain. It is very important to understand the future directions of research because the performance of FMS plays a very vital role for their survival because extensive competition in manufacturing has left no space for system inefficiencies.
